C oronary vasospastic angina (VA) is relatively common in East Asia. 1 Transient myocardial ischemia caused by epicardial coronary artery spasm is the main pathogenesis of VA 2 ; however, initial manifestations are associated with a wide variety of clinical settings, including stable angina, acute coronary syndrome (ACS), life-threatening arrhythmia, and sudden cardiac death. 3 Although VA patients responding to calcium channel blockers have a good prognosis, their clinical risk varies. 4 The Japanese Coronary Spasm Association risk score system analyzes VA severity based on clinical presentations including out-of-hospital cardiac arrest, angina at rest alone, and ST-segment elevation. 4 However, there are no data on the clinical manifestations of acute myocardial ischemia. Therefore, we distinguished VA patients presenting with ACS (VAACS) who demonstrated documented electrocardiographic changes (ST-segment elevation, ST-segment depression, or T-wave inversion in at least 2 contiguous leads), significant arrhythmia (ventricular tachycardia/fibrillation, sinus pause/ arrest, junctional bradycardia, or second-or third-degree atrioventricular block), or elevation of cardiac biomarkers with at least 1 value above the 99th percentile upper-reference limit. The aim of the present study was to evaluate the clinical characteristics and long-term outcomes of VAACS patients without significant coronary artery stenosis.
Methods Study Population
An intracoronary ergonovine provocation test was performed in 3595 patients from Samsung Medical Center between January 2003 and December 2014. A total of 2333 patients showed the negative result of intracoronary ergonovine provocation test, and we enrolled 1198 patients with a positive intracoronary ergonovine provocation test ( Figure 1 ). We excluded 173 patients with coronary artery stenosis greater than 70% and 39 patients who refused follow-up. Patients were divided into VAACS (n=149) and non-VAACS (n=837) groups. The Samsung Medical Center Institutional Review Board approved this study and waived the requirement for written informed consent for access to an institutional registry.
Coronary Angiography and Provocation Test
We retrospectively analyzed an observational registry of patients with VA based on the Guidelines for Diagnosis and Treatment of Patients with VA. 5 An intracoronary ergonovine provocation test was performed according to the clinician's decision in patients who had suspicious symptoms and underwent coronary angiography. Baseline coronary angiography was performed for the right and left coronary arteries. Intracoronary ergonovine was infused for the provocation test. Incremental doses of 20, 40, and 80 lg were injected into the left coronary artery. If coronary spasm was not provoked in the left coronary artery, incremental doses of 10 and 20 lg were injected into the right coronary artery. Once spasm was provoked, intracoronary nitroglycerin was infused. Vasoactive drugs were stopped at least 48 hours before coronary angiography. We classified the definite and intermediate VA according to ergonovine provocation test and defined these as a positive test. Total or subtotal (>90% luminal diameter narrowing) occlusion accompanied by chest pain or discomfort and/or ECG changes or spontaneous total or subtotal spasm on baseline coronary angiography resolved by intracoronary nitroglycerin was defined as a positive result. Additionally, we defined intermediate constriction as 50% to 90% luminal narrowing with or without ischemic symptoms and/or ECG changes were also defined as a positive result. A negative result was <50% luminal narrowing without chest pain or discomfort or ECG change. An ECG change during the provocation test was defined as an ST-segment elevation or depression in at least 2 contiguous leads. A multivessel spasm was defined as a positive spasm in more than 2 major (≥2.5 mm) epicardial coronary arteries. 6 The types of spasm were classified as focal or diffuse. The focal type was defined as a discrete spasm localized in 1 coronary segment, whereas spasm observed continuously from the proximal to the distal segments was regarded as diffuse type. (Tables 1 and 2) . Compared with non-VAACS patients, VAACS patients were younger, had a higher prevalence of diabetes mellitus, elevated WBC and Hs-CRP levels, and an increased history of MI; however, they had a lower left ventricular ejection fraction. VAACS patients were more frequently treated with statins (57.0%) and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers (25.5%). In angiographic characteristics, left main or left anterior descending spasm during the provocation test frequently occurred in VAACS patients. (Table 3) .
VA Patients Presenting With MI Caused by Coronary Vasospasm
The present study included 81 VA patients (8.2%) presenting with MI (VAMI). VAMI patients had higher prevalence of diabetes mellitus, hypertension, current smoking, and history of MI, as well as high WBC and Hs-CRP levels, but lower left ventricular ejection fraction (Tables 4 and 5 ). Left main or left anterior descending spasm during the provocation test Table 6 ).
Multivariable Models for Determining Factors Associated With VAACS and VAMI
Diabetes mellitus, history of MI, and higher WBC (more than 10.0910 3 /lL) and Hs-CRP (more than 0.3 mg/dL) levels were factors significantly associated with VAACS and VAMI ( Table 7) .
Discussion
We found that the prognosis of patients presenting with ACS was worse than that of other VA patients without significant coronary artery stenosis. The main findings of this study are as follows: (1) VAACS patients were associated with increased risk of MACE, recurrent MI, rehospitalization because of recurrent angina, and all-cause death; (2) VAMI patients more frequently suffered from MACE and recurrent MI than non-VAMI patients; (3) diabetes mellitus, history of MI, and higher WBC (more than 10.0910 3 /lL) and Hs-CRP (more than 0.3 mg/dL) levels were independently associated with VAACS and VAMI. It has been documented that coronary artery spasm is an important etiology of ACS in patients without obstructive coronary artery disease. 10 ACS patients with coronary spasm and nonobstructive coronary artery disease have a favorable prognosis for survival and coronary events. 11, 12 In the Coronary Artery Spasm in Patients with Acute Coronary Syndrome study, nonobstructive ACS patients with documented coronary spasm showed no cardiac death or nonfatal MI during a 3-year follow-up. 11 In a Japanese population, cardiovascular events occurred in 15 (4.7%) patients with coronary artery spasm, including 1 (0.3%) patient with cardiovascular death and 4 (1.3%) patients with MI during a mean follow-up duration of 20 months. 12 Although nonobstructive ACS patients with documented coronary spasm have an excellent prognosis for survival and coronary events compared with patients with obstructive ACS, there are no long-term follow-up data. Furthermore, a recent study proposed that acute presentations including out-of-hospital cardiac arrest, angina at rest alone, and ST-segment elevation were significant predictors of adverse outcomes in VA patients. 4 However, there were no comparative data of VA patients presenting with or without ACS. In our study, VAACS patients with documented myocardial ischemia had increased risk of MACE, driven mainly by recurrent MI compared with non-VAACS patients. These findings could possibly be explained by the fact that urgent presentation with documented myocardial ischemia reflects severe stenosis or occlusion of the coronary artery by vasospasm. In these patients, disturbances of the coronary microcirculation result in decreased coronary reserve or microvascular spasm that causes repetitive angina during exercise or at rest. 11 In addition, the increased risks of MACE and recurrent MI were consistently observed in VAMI patients. It is likely that prolonged coronary spasm mimicking true MI caused repetitive myocardial damage and inflammation. In our study, VAACS and VAMI patients had higher levels of inflammatory markers such as WBC and Hs-CRP. A previous study has also reported that laboratory findings including significant elevation of Hs-CRP and fibrinogen levels were similar to those seen in patients with acute MI with significant stenosis. 13 Furthermore, we hypothesized that suboptimal use of medications that improve the prognosis of ACS and MI such as statins or renal angiotensin system blockades might lead to adverse outcomes in VAACS and VAMI patients. In the present study, statins were prescribed in approximately half of VAACS patients, and renal angiotensin system blockades were prescribed in one quarter of VAACS patients. A recent study showed that statin therapy in patients with coronary spasm-induced AMI with nonobstructive coronary artery disease was associated with improved clinical outcomes.
14 Previous studies have also demonstrated that the incidence of cardiac death and nonfatal MI was significantly increased in VA patients in whom medications were reduced or discontinued. [15] [16] [17] Accordingly, appropriate pharmacological treatment should be considered for VAACS and VAMI patients without obstructive coronary artery disease. In the present study, clinical factors associated with VAACS and VAMI were diabetes mellitus, history of MI, and higher level of inflammatory markers. Diabetes mellitus is a chronic inflammatory condition, and our and previous data suggest that inflammation might be associated with severe coronary vasospasm. 3 Most importantly, our data showed that prior MI in VA patients is a strong associated factor of VAACS and VAMI, and that VAACS and VAMI patients have increased rates of recurrent MI. Therefore, VA patients with diabetes mellitus and prior MI are a high-risk group, and more intensive management and follow-up should be required. This study had several limitations inherent to a retrospective analysis of observational data. First, some of the baseline and angiographic characteristics were unfavorable in the VAACS group compared with the non-VAACS group, which may have contributed to the differences in adverse outcomes between the 2 groups. Accordingly, it is difficult to assert that the presence of coronary spasm is the direct cause of worse outcomes. However, adjusted Cox regression analysis showed that VAACS patients were at increased risk of adverse outcomes after adjustment for pre-existing cardiovascular risk factors. Therefore, severe coronary vasospasm causing electrocardiographic changes, significant arrhythmias, or elevation of cardiac biomarkers might be closely associated with worse clinical outcomes. However, we could not elucidate the pathogenesis of severe presentation and higher probability of future MI in VAACS patients in this study. Second, the causeeffect relationship between treatment and patient outcomes could not be established. We are conducting a study on the long-term follow-up results of a prospective VA-KOREA (Vasospastic Angina in Korea) registry to further analyze this relationship.
Conclusion
VAACS patients had worse clinical outcomes, driven mainly by recurrent MI, compared with non-VAACS patients. These findings were observed consistently in VAMI patients. Therefore, more intensive clinical attention and medical treatment are required in VAACS and VAMI patients without obstructive coronary artery disease.
